Introduction
The sudden death of 25,000 chickens at a farm near Seoul in December 2003 was the first sign of a major epidemic of the highly pathogenic avian influenza (HPAI) virus (type H5N1) that would disrupt the worldwide poultry industry in the years to come. By early 2004, outbreaks of the same virus were confirmed in Cambodia, China, Hong Kong 1 Because of high mortality rates, high rates of contagion, and the possibility of cross-species infection to mammals including humans, HPAI is a major concern both to consumers and producers of poultry. At the local level, avian influenza is generally controlled through strict biosecurity practices, frequent veterinar controls, vaccinations, and the culling of infected birds. Across countries, governments try to control the spread of avian influenza by imposing import bans on poultry prod originating from HPAI affected areas. Whatever measures are adopted, the implications of avian influenza for the international poultry markets are large. Consequences of the epidemic include the loss of consumer confidence, loss of competitiveness, loss of market y ucts 1 Prior to the present situation, outbreaks of highly pathogenic avian influenza in poultry were considered rare. Excluding the present one, only 24 outbreaks of highly pathogenic avian influenza have been recorded worldwide since 1959. Most of these outbreaks have been geographically restricted and short lived (WHO 2006) .
shares, supply shortages, and disruptions in trade flows. 2 The objective of this paper is to explore the effect that HPAI epidemics have had on the trade flows in poultry products.
The findings suggest that HPAI outbreaks have had only a limited effect on overall trade volumes but have greatly restructured the international flows of poultry products.
Consequent to HPAI, Brazil has emerged as the world's largest supplier of raw chicken products, while poultry industries in Southeast Asia have largely refocused their export markets by converting production from unprepared to prepared poultry meat.
Avian Influenza
Avian influenza is a potentially devastating disease which is caused by a type of virus that is hosted by birds. Avian influenza viruses are generally categorized as low pathogenic (LPAI) or high pathogenic (HPAI). In addition, there are many different groups of avian influenza, called subtypes. Among the subtypes, H5N1 is the particular virulent strain that has been responsible for most of the recent avian influenza cases.
3 Table 1 3 Although across-species contagion is rather uncommon, certain strains of avian influenza have infected several species of mammals, including humans. WHO has confirmed more than 250 human cases of HPAI with a mortality rate of about 60 percent. Trade policy responses to avian influenza have generally focused on the imposition of trade bans. As soon as an outbreak is confirmed, countries prohibit imports of potentially infected goods originating in HPAI affected countries. Although the products covered and the duration of these bans vary considerably, most countries generally conform to guidelines proposed by the World Organization for Animal Health.
In summary, these guidelines advise: a) not to take regulatory action on countries where HPAI is found only in migratory or wild birds; b) to lift bans once the area of origin has been free from HPAI for 12 months; 9 and c) not to apply bans to products that have been rendered non-infectious (processed to at least 70 degrees Celsius). Although most trade bans affect imports from whole countries, an increasing number of countries recognize "regionalities", thus applying import bans only from the affected zones or "commercial compartments". 10 The existence of regionalities greatly reduces the impact of avian flu on trade flows, as poultry exporters generally operate several poultry farms in a country, 8 With the exception of few countries, the avian influenza scare did not have a lasting effect on consumer confidence. On a yearly basis, per capita consumption of poultry meat has decreased only in the East Asian countries worst hit by avian flu. In most other countries consumption of poultry meat has increased even during 2004 and 2005. 9 Although the bans are generally lifted in a shorter period if the affected country can demonstrate that it has applied strict biosecurity practices and drastic steps to contain the contagion. 10 In general, regionalities are only applied to larger countries where the virus is not considered endemic.
and production for export can be quickly re-localized to HPAI free "commerc compartments".
ial
The impact of avian influenza on trade flows is also constrained by the existing structure of trade policy. Poultry trade is hardly a free market, as it is subjected to substantial tariffs often provided on a preferential basis, and non-tariff measures such as veterinary certification, licensing, product characteristic requirements and quotas. These policy instruments are quite effective in shaping bilateral trade flows as they effectively limit imports or favor determined countries. Major importers such as the European Union and Russia apply a complex system of quotas regulating the poultry markets. Other importers, such as Mexico, offer significant advantages to some trading partners (in particular the USA), by providing them with a high preferential margin in the tariff. In these cases, the effect of avian influenza on trade is found to be mitigated by pre-existing trade policies.
The impact of avian influenza on poultry trade depends also on trade composition.
Poultry trade consists in two main categories: unprepared and prepared poultry. The impact of avian flu on international trade flows is more evident by examining the evolution of the exports of major exporters. Table 3 As the overall demand in major importing countries was not substantially affected by HPAI, the loss of Southeast Asian suppliers was replaced by increases in domestic production and shifts in imports to HPAI free countries. Among these, Brazil has been the main beneficiary. Brazilian suppliers were able to both replace the banned suppliers The extent of the effect of avian flu on trade flows is more evident when analyzing gains and losses of market shares at the bilateral level. International trade in unprepared poultry is quite segmented, and each import market is often dominated by one or few suppliers. Bilateral market shares indicate that Brazilian exporters, although increasing their presence in most markets, have done so particularly in countries which relied the most on Southeast Asian suppliers. In particular, Brazil's market shares in Japan increased by about 56 percentage points, replacing most Chinese (-25%) and Thai (-36%) suppliers.
The Brazilian market share also increased in the Hong Kong (China) market (+4%) and in the European Union (+14%). To a lesser extent Brazil also increased its market shares 16 Market share is calculated as a three year average (2001-2003 and 2004-2006) in countries that were less heavily dependent on imports from Thailand and China, such as Russia and the states in the Arabian Peninsula. Among other gainers, European Union exports have followed, on a smaller scale a similar pattern of these of Brazil, with gains in most markets and especially in these of Southeast Asia.
The countries whose raw poultry exports appear to have suffered the most as a consequence of avian flu have been Thailand, China and to a lesser extent the USA. theory, the shift in demand from HPAI affected to HPAI free countries would be to depress export prices of products originating from HPAI affected areas, while increasing prices from HPAI free areas. In practice, prices from HPAI affected areas have only marginally declined as avian influenza outbreaks have largely rendered unprocessed poultry products originating from these areas un-marketable because of import bans. 19 However, it is still possible that some "dumping" of poultry product has occurred illegally through misclassification at customs. This hypothesis can not be verified by the analysis of the official data and would require further investigations.
International Trade: the Market for Processed Poultry Meat
Second to raw meat, prepared poultry is increasingly taking a larger share in the international trade of poultry products. A large part of the trade in prepared poultry meat takes the form of convenience food such as fried, steamed, or roasted chicken meat. The product is usually packaged "ready-to-eat", and shipped frozen. Consumers' demand for this type of prepared food is rapidly increasing especially in developed countries.
Following consumption, total trade in processed poultry meat has rapidly increased both in values and volumes soaring from half a billion US$ in 1995 to almost 3 billion US$ in 2006. Major destination markets are the developed countries, especially Japan and the European Union. Because the avian influenza virus does not survive cooking, processed poultry meat has not generally been subject to trade bans, even if it originated from HPAI affected areas.
The international trade for prepared poultry meat is highly concentrated. The bulk of trade is directed to developed countries and just two import markets (Japan and European Union) account for more than 70 percent of total imports. Four exporters (Thailand, China, Brazil, and USA) account for more than 85 percent of total trade. Table 6 reports overall trade and exports originating from the four major suppliers of prepared poultry meat. As of 2006, the export market for prepared poultry meat is dominated by the two countries where the poultry industry was worse hit. Thailand's total exports in 2006 were worth almost 1.2 billion US$, while China accounted for about 700 million US$. Brazil's exports have also grown but at a smaller pace.
As in the case of unprepared poultry products, the market for prepared poultry is highly segmented with each importer relying on a limited number of suppliers. Table 7 illustrates the market shares in each import market as a three year average before and after the onset of avian influenza. In general, both eggs and live chicken are among the first products covered by the import bans once HPAI outbreaks are notified. However, from a trade perspective the data show that the impact of HPAI on chicken eggs has been small both in terms of 21 The industrial production of chicken eggs is largely separate from that of chicken meat. Eggs are produced by "layer" chickens while chicken meat is produced by "broiler" chickens. Thus, countries that export poultry meat do not necessarily produce or export chicken eggs.
volumes and market shares. 22 Regarding live poultry, the impact of HPAI has been more severe, with a reduction of overall imports for Singapore (in 2004) and for Hong Kong (China) (both for 2004 and 2005) . As in the case of chicken eggs, the data does not show any switch in suppliers or any change in market shares. The likely explanation is that the requisite of freshness and higher transportation costs make long distance shipping uneconomical for these products. Market shares are dictated mostly by geographic proximity and suppliers cannot be easily replaced.
Conclusions
From a trade perspective, the effects of avian influenza translate into changes in the overall volume of imports (driven by changes in demand), and changes in bilateral trade flows (driven by the disruption in some suppliers). Poultry products can be categorized into unprepared, or raw, and prepared or cooked products. Avian influenza epidemic has affected the trade of these products in different ways.
The trade in poultry products, both prepared and unprepared, is dominated by few countries on both export and import flows and trade flows are quite subjective to shocks on either the supply or demand side. While avian influenza outbreaks seem to have had little effect on demand as consumption and overall trade of poultry products have kept increasing even during the HPAI epidemic, avian influenza has greatly restructured the suppliers of international markets, especially in East Asia. In the years before the HPAI epidemic the principal driver of Asia's poultry market was Japanese demand for unprepared poultry from China and Thailand. As HPAI outbreaks spread through Asia, Japanese importers shifted their suppliers to the advantage HPAI free countries. Imports of unprepared poultry from China and Thailand virtually halted, while imports from Brazil soared. Brazil was able to take most advantages from import bans because its large supply capacity and competitive products relative to other HPAI free countries. This pattern is not limited to the Japanese market, but also in other markets where Thailand or China had a substantial presence. For example, Thailand's market share in the European Union was swiftly lost to the advantage of Brazilian suppliers.
While Brazil is found to have obtained the largest gains in market shares, whether
Thai and Chinese poultry industries have suffered as a consequence of avian influenza is debatable. Avian influenza had also the effect to redirect consumers' demand and import from unprepared meat (subjected to import bans) to prepared meat (perceived safer and not subjected to import bans). In this regard, the major beneficiaries of the increase in world demand have been these countries where suppliers were hit the most from import bans on unprepared meat, in particular China and Thailand. To circumvent import bans on unprepared meat, Chinese and especially Thai poultry exporting firms have quickly refocused their exports to prepared poultry meats. Prepared meat, because it is subject to high temperature is free of the HPAI virus, and is therefore not subjected to import bans.
As the demand for prepared meat is growing considerably faster than that of unprepared products, particularly in high income countries, Thai and Chinese suppliers have gained an early advantage in a highly profitable market. In this regard, HPAI outbreaks may have accelerated a transition to the production and export of higher value added products. This paper does not address a number of related issues on the effects of HPAI on international trade. In this regard, further research could be aimed to distinguish the temporary trade effects driven by import bans from permanent ones driven by shifts in production or consumer preferences. Furthermore, trade shocks, such as those consequent to HPAI, have an impact on welfare, income distribution and ultimately on poverty.
Finally, future research should better investigate the role of trade policies, especially sanitary standards, in limiting the effect of exogenous shocks as these of avian influenza.
